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The classification and treatment of bone loss in anterior shoulder instability remain as sig-
nificant challenges to the shoulder surgeon, particularly when bipolar lesions are present.
The concept of the glenoid track was developed in order to be able to predict whether
engagement of a humeral Hill-Sachs lesion (HSL) would occur in the anterior apprehen-
sion position of the shoulder. A rational classification system for HSL as “on-track” (non-
engaging) or “off-track” (engaging) flowed out of the biomechanical knowledge of the
glenoid track. An “on-track, off-track” treatment paradigm has subsequently been
described whereby “off-track” HSL are recommended to be treated by arthroscopic
remplissage and Bankart repair to restore shoulder stability and prevent engagement.
This article contains a discussion of the history, the biomechanics, and the treatment con-
siderations of Hill-Sachs lesions with a focus on bipolar bone loss as informed by the

glenoid track.
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Introduction and Historical
Aspects

he importance of bone loss in anterior shoulder insta-

bility in the modern era has increasingly been recog-
nized since Burkhart and de Beer's landmark 2000 article
demonstrating its association with failed arthroscopic stabi-
lization surgery.' Although early authors” recognized the
humeral head lesion (Fig. 1) as one cause of persistent
symptoms or recurrent instability, most experts in the era
of open shoulder stabilization either minimized’ or dis-
missed ™ the importance of bone loss in surgical decision-
making. This should not be surprising given the high preva-
lence (>90%) of chondral and osteochondral Hill-Sachs
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lesions in first time and recurrent™” anterior instability but
historically low rate of their specific treatment in conjunc-
tion with open Bankart or capsular shift operations. '

Considering the surgical significance of the Hill-Sachs
lesion (HSL), Burkhart and de Beer called attention to its
“engagement” with the anterior glenoid rim, a phenomenon
that could be observed arthroscopically in different positions
of the arm." If engagement occurred with the arm in a non-
functional athletic position, it was thought to be amenable to
isolated arthroscopic Bankart repair (ABR) but if engagement
occurred in a functional position, specific treatment of the
HSL was recommended.' Thus, the emphasis was placed on
the orientation of the HSL. Other authors have focused on
the arthroscopic severity'' or size'” (length and depth at
open surgery) of the HSL and still others on its radiographic
arc length.'” Despite the high prevalence of HSL and their
careful consideration by many authors, no consensus exists
as to their classification or treatment."”

The Glenoid Track: Definitions

In 2007 Yamamoto et al defined the glenoid track after
investigating the contact area between the glenoid and the
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Figure 1 Palmer and Widen” recognized that as the arm is externally
rotated the “compression cavity” (ie, Hill-Sachs lesion) can engage
with the glenoid rim resulting in anterior translation with subluxa-
tion. They proposed this as the “essential lesion” in anterior shoul-
der instability. (Reproduced with permission).

humeral head in the simulated apprehension positions of
0°, 45°, and 90° abduction in full extension and external
rotation (Fig. 2A).'* They defined the “track” as the “zone
of contact” between the articular surfaces as the shoulder is
moved through the abduction arc in the apprehension posi-
tion (Fig. 2B). Importantly, Yamamoto calculated the
distance between the rotator cuff insertion and medial
aspect of the glenoid track (anterior glenoid bony rim) to be
84% £ 14% of the glenoid width (Fig. 3A) in the simulated
“90-90” apprehension position. The remaining 16% of the
glenoid “pushes out” the posterior rotator cuff. In live sub-
jects using open MRI, Omoroi et al calculated the glenoid
track width to be 83% = 12% of the intact glenoid in a sim-
ilar arm position.””

There are 2 important concepts to the glenoid track. First,
in the case of glenoid bone loss, the glenoid track width is
decreased (Fig. 3B). Second, if the width of the Hill-Sachs
lesion is known (distance from cuff insertion to medial mar-
gin), the likelihood of engagement of the HSL with the ante-
rior glenoid can be known by calculating the glenoid track
width. Theoretically, if the latter can be calculated preopera-
tively it can be used to determine treatment without the need
for arthroscopic assessment.

'&noid track

Figure 2 (A) Yamamoto et al marked the outline of the bony glenoid
on the humeral head in the simulated 0°, 45°, and 90° abduction
positions (A) with the humerus in external rotation and extension. b4
(B) This zone of contact (gray swath) is the “glenoid track.” (Repro-
duced with permission).

Figure 3 (A) The glenoid track width is 84% of the glenoid width
because the posterior rim of the glenoid “pushes out” the rotator
cuff—capsular tissue with the arm in the simulated anterior appre-
hension position. (B) The glenoid track width (b) is shortened by
any amount of traumatic glenoid bone loss (a). (Reproduced with
permission).

The “On-Track, Off-track”
Treatment Paradigm

In 2014, Di Giacomo, Itoi, and Burkhart published a Level V
article in which the complementary concepts of the engaging
HSL and the glenoid track were reconciled and united."” Two
problems arise in making treatment decisions about HSL by the
arthroscopic assessment of engagement. First, with the anterior
capsulolabral tissues torn vs repaired, there is potentially a
higher rate of arthroscopic engagement ' since the absence of
the ligamentous constraint at end range is the pathologic condi-
tion. Bankart repair would likely lower the rate of the truly
engaging HSL.” Thus, arthroscopic assessment of engagement
with the Bankart lesion unrepaired might result in overtreatment
of Hill-Sachs lesions."” Second, reassessment for engagement
after Bankart repair to determine if the HSL is “truly engaging”
places the repair at risk for iatrogenic disruption.'”

In light of these problems, Di Giacomo, et al reasoned that
the most rational way to determine the surgical significance
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Bipolar Bone Loss Lesions
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Figure 4 The “on-track, off-track” paradigm for treating traumatic glenohumeral bone loss based on the concept of the
glenoid track. Arthroscopic reconstruction is proposed for glenoid bone loss of less than 25%, and remplissage is
added to arthroscopic Bankart repair for “off-track” (engaging) Hill-Sachs lesions."” (Reproduced with permission).

of a HSL in the setting of potentially significant glenoid bone
loss is to use the geometrical considerations allowed by
knowledge of the glenoid track. In the proposed treatment
paradigm (Fig. 4), open Latarjet is recommended for glenoid
bone loss of 25% or more and arthroscopic reconstruction if
glenoid bone loss is less than 25%. ABR is recommended if a
HSL is “on-track” and ABR plus arthroscopic Hill-Sachs
remplissage (ABR + R) is recommended if a HSL if “off-track.”
Once glenoid bone loss is determined, the glenoid track is
calculated as 83% of the intact glenoid minus any glenoid
bone loss (Figs. 3 and 5). Next, the Hill-Sachs interval (HSI,
the distance from the rotator cuff attachment to the medial
edge of the HSL) is determined. Finally, the lesion is classi-
fied as “on-track or “off-track.” If the HSI is smaller than the
glenoid track the lesion is considered “on-track.” If the HSI is
larger than the glenoid track the lesion is considered
“off-track” (Fig. 5). The 5 steps are summarized as follows
(Figure 6):

Determine the intact glenoid diameter/width (D)
Determine the amount of bone loss (d).

Calculate the glenoid track (GT) as: (0.83D) — d.
Measure the HSI.

Determine if the lesion is on or off track as follows: HSI
> GT = off-track or HSI < GT = on—track.

ARSI

In essence, a HSL calculated to be “off-track” means that it
is predicted to be “engaging” after Bankart repair with the
arm in the functional position of apprehension.

One point of ambiguity in the description of the “on-track,
off-track” treatment paradigm is the source of the bony meas-
urements. Both radiographic and intraoperative arthroscopic
measurements are allowed. The topic of bone loss assessment
in shoulder instability is covered in detail in a companion
article in this issue”' and a detailed discussion on this topic
is beyond the scope of this article. However, it is important
to note that radiographic and intraoperative methods (Fig. 6)
often result in different bone loss measurements.'” Our rec-
ommendation is that radiographic calculations should always
be performed for preoperative planning and counseling of

the patient. If the intraoperative measurements are used for
the final decision on reconstruction, the surgeon should be
aware that bone loss is often overestimated by this method,
particularly when the glenoid bare spot is used to determine
the geometric center of the inferior glenoid. '

Biomechanics of “On-Track and
Off-Track” Lesions

The authors validated the “on-track, off-track” paradigm from
the biomechanical standpoint using a “moderate” 15% glenoid
bone loss model with double-pulley remplissage'” of on-track
(15% humeral arc-length) and off-track (30% arc-length) Hill-
Sachs lesions.”” In this model, an on-track HSL rarely engaged
with the anterior glenoid rim in the apprehension position
and engagement could be prevented by Bankart repair only,
thus confirming the previous findings of Elkinson et al.”' The
off-track HSL routinely engaged the glenoid rim, and engage-
ment could not reliably be prevented without the addition of
remplissage. In this model, remplissage resolved the engage-
ment problem for both on- and off-track HSL at the cost of
supraphysiologic joint stiffness and restriction of external rota-
tion, particularly for the scenario of the large (30%) HSL.

Limitations of the Glenoid Track
and “On-Track, Off-Track
Paradigm”

Both the glenoid track concept itself and the “On-Track, Off-
Track” treatment paradigm have limitations that should be kept
in mind as these are used to guide management in treating
shoulder instability, particularly in surgical decision making.
First, as has been discussed, the glenoid track width is less
than 100% of the glenoid width because the posterior glenoid
“pushes out” against the posterior rotator cuff-capsular insertion
(Fig. 3). Both Yamamoto'" and Omori** report fairly large stan-
dard deviations around the mean 83%-84% (£14% and



Glenoid Track Decision-Making

15

Figure 5 (A) An on-track (non-engaging) Hill-Sachs lesion has the
glenoid track (GT) width larger than the Hill-Sachs interval (HSI).
(B) Since glenoid bone loss (d) is larger in the off-track scenario, the
GT width is now smaller than the HSI allowing engagement.

£12%, respectively) width of the glenoid that is to calculate the
glenoid track width. One can infer from these statistics that the
glenoid track width varies substantially and depends on the tis-
sue properties of the individual patient. Second, the glenoid
track has been calculated based on normal and fully intact ante-
roinferior capsulolabral tissues. In the pathologic state, the ante-
rior tissues will have been surgically repaired and may have
been mechanically compromised (ie, stretched out). Third, the
glenoid's track on the humeral head has been calculated under
highly specific conditions (ie, the maximum external rotation
and extension positions caused by arbitrarily torques), about
60° external rotation and 20° extension. Certain patients, partic-
ularly overhead athletes, might eventually attempt to return to
activities that place the shoulder in even higher degrees of exter-
nal rotation, extension, and abduction than what was tested in
these experiments, thereby functionally decreasing the glenoid

Figure 6 The on- or off-track status of a right shoulder Hill-Sachs
lesion as calculated by the glenoid track (GT) method using
intraoperative bone loss measurements (anterosuperior view).
(A) The posterior radius (r) of the inferior glenoid is measured
from the bare area. The intact diameter, D, is calculated as 2r. (B)
The width of the inferior glenoid (w) is measured. If bone loss is
present, it is calculated by d=2r—w. The GT is calculated as
0.83 * D—d. The Hill-Sachs interval (HSI) is measured by
sequential placement of the probe tip (C) and (D) from the poste-
rior portal. If HSI > GT, the HSL is off—track.

track widths in these cases. Fourth, since the anatomy of cap-
sule vs labrum was hidden from the experimenters, the glenoid
track was calculated based on the bony anatomy of the anterior
glenoid. It may be that the functional glenoid track width actu-
ally includes the width of labrum (ie, the labrum is protective of
engagement). Last, the glenoid track concept doesn't account
for the depth of the HSL. It may be that HSL are only symptom-
atic at a certain depth, particularly in regard to creating recur-
rent

instability by engagement.

The “on-track, off-track” treatment paradigm (Fig. 4) has
related limitations. First, as Di Giacomo et al note, the judg-
ment of the surgeon regarding individual patient factors
should not be neglected."” In considering the treatment of a
significant HSL, a remplissage might be too restrictive in a
throwing athlete, insufficient treatment for a contact athlete
with an off-track lesion, or necessary treatment for a contact
athlete with an on-track lesion. The paradigm does not con-
sider the quality of the capsulolabral tissues, which might be
compromised in the recurrent dislocator or in the revision
setting. Furthermore, the surgeon will always be confronted
with “borderline” cases (eg, the Hill-Sachs interval is 0-1 mm
less than the calculated glenoid track). Even in the bio-
mechanical sense, it is unclear as to what “buffer zone” might
exist for engagement as the HSI nears the size of the GT.”"*”
In these cases, several other factors, as above, will need to be
considered in making the final treatment decision.

Second, one of the premises of the “on-track, off-track” para-
digm is that conversion by remplissage of an off-track to an on-
track lesion is a superior treatment modality to Latarjet (or other
bony reconstructive options such as iliac crest or distal tibia
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allograft) or other open surgical options (eg, capsular shift, allo-
graft reconstruction). This premise is attractive but unproven. In
the era of arthroscopy, remplissage is a minimally invasive yet
nonanatomic operation. Remplissage has good clinical and bio-
mechanical support”*; however, certain studies suggest a higher
recurrence rate”” in high risk patients or inferior patient out-
comes”® (eg, pain, external rotation) with ABR + R. Furthermore,
there is likely a clinical limit to the size of a HSL that can
be safely treated by remplissage without over constraining the
shoulder."”*" It is important to note that in biomechanical eval-
uation, remplissage produces supraphysiologic stiffness and the
consequence of that over the long term is not unknown.
Although retrospective study has suggested the glenoid track
concept is highly predictive of recurrence (and possibly more
predictive that glenoid bone loss alone),””*” no clinical data exist
as to the prospective use of the “on-track, off-track” treatment
paradigm. Furthermore, it will be many years until long enough
follow-up has been obtained to understand the effect of the
paradigm on the true recurrence rate.

Third, the surgeon is directed toward arthroscopic surgery
or Latarjet based solely upon the amount of glenoid bone
loss (25%). While 25% (or even 20%) bone loss has excellent
clinical and biomechanical data in support as a cutoff for
Bankart-style soft tissue repair (anterior capsulolabral repair
or capsulorrhaphy), recent evidence points to a lower thresh-
old (so-called “subcritical” glenoid bone loss) of as low as
13% where both recurrence and functional outcomes deteri-
orate with arthroscopic Bankart repair.”” Should it be found
that subcritical bone loss requires treatment with a bony pro-
cedure, the “on-track, off-track” paradigm might be sup-
planted, since Latarjet will adequately treat the vast majority
of HSL,"” as might other glenoid reconstructive options.””"”
Last, if subcritical glenoid bone loss exists and no HSL is
present in which to perform remplissage, the surgeon must
choose in the paradigm between isolated ABR and Latarjet.

Conclusions

The glenoid track concept and the “on-track, off-track” treatment
paradigm represent an advancement in understanding the patho-
mechanics of anterior shoulder instability and hold great poten-
tial for guiding treatment. Specifically, these concepts allow the
surgeon a potential analytical method to predict whether a Hill-
Sachs lesion will engage with the anterior glenoid rim in the
apprehension position (90° abduction in maximum extension
and external rotation) dafter an anatomic arthroscopic Bankart has
been performed, even in the setting of bipolar bone lesions. Ide-
ally, a rational treatment paradigm would prevent overtreatment
(e, unnecessary nonanatomic reconstruction by remplissage or
Latarjet) of traumatic bone lesions and but also prevent undertreat-
ment (ie, an unacceptably high recurrence rate or poor functional
outcomes due to engagement or apprehension). Conceptually,
the glenoid track and the “on-track, off-track” paradigm are
extremely attractive in providing a rationale for HSL classification
and treatment, however, they have significant disadvantages,

including lack of clinical follow-up, specificity about other HSL
characteristics, and the limitations of remplissage for treating large
HSL. The glenoid track concept is not a panacea for deci-
sion—making in shoulder instability but does provide an impor-
tant source of additional information for the surgeon.
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